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ABSTRACT 


A  number  of  substituted  phenylacety lenes  have  been  prepared  as  precursors 
to  po!y( phenylacetylenes)  having  regiospec if ic  substitution.  These  latter  were 
required  for  a  study  attempting  to  correlate  structure  with  electronic  proper¬ 
ties,  especially  conductivity.  The  following  phenylacetylenes  were  prepared: 
o- ,  m-,  and  p-nitrophenylacetylene,  p-trif luoromethylphenylacety lene ,  o-  and 
-aminophenylacetylene  (m-commercially  available),  o-,  m-,  and  p-acetamido ,  and 
-  and  p-trif luoroacetamidophenylacetylene.  Starting  materials  were  the  appro¬ 
priate  nitro  or  trifluoromethyl  cinnamic  acids.  Bromination  followed  by  dehyd- 
r ob vom i nation  and  decarboxylation  gave^the  corresponding  phenylacetylenes.  The 
amino  compounds  were  obtained  by  Zn/NH^OH  reduction  of  the  o-  and  p-nitropheny 1- 
acetylenes.  Acylations  were  accomplished  with  acetic  or  trif luoroacetic 
anhydride,  ^ 
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INTRODUCTION 


In  the  mid-sixties,  NASA-funded  work  directed  toward  the  development  of  space 
cabin  atmosphere  contaminant  detectors  lead  to  the  preparation  of  a  series  of  mono- 
substituted  poly(phenylacetylenes) . 1  Follow-up  work  at  MIT  incorporated  some  of 
these  materials  into  a  solid-state  device  with  potential  as  an  early  warning  fire 
alarm. 2  Subsequent  studies  under  Navy  sponsorship  lead  to  refinement  of  the  device, 
now  designated  the  charge-flow  transistor  (CFT),  and  a  preliminary  understanding  of 
the  mechanism  by  which  it  operates. 3 

Our  interest  in  this  area  was  engendered  by  the  Army's  need  for  a  sensitive, 
specific  means  of  detecting  chemical  agents.  It  was  envisioned  that  the  CFT  in  con¬ 
junction  with  an  "appropriately  modified"  poly(phenylacetylene)  could  fill  this  need. 

In  order  to  determine  just  what  constitutes  an  appropriate  modification  of  the 
poly(phenylacetylene) ,  it  is  necessary  to  understand  the  structure/property  relation¬ 
ship  of  the  interaction  of  these  materials  with  the  CFT.  Of  particular  interest  is 
the  effect  on  conductivity  of  varying  the  electronic  parameters  and  location  of  the 
substituent.  Unfortunately,  this  information  is  not  available  from  published  reports 
because  of  structural  ambiguities  in  the  polymers  studied  arising  from  their  method 
of  synthesis,  the  key  feature  of  which  involves  the  nitration  of  poly(phenylacetylene) 
with  mixed  acid*  to  yield,  it  is  claimed,  poly( p-nitrophenylacetylene) .  While  the 
p-isomer,  no  doubt,  predominates,  it  is  highly  likely  that  at  least  some  of  the  o-  and 
m-isomer  is  produced  as  well.  In  addition,  given  the  delocalized  nature  of  the  poly¬ 
mer  backbone,  nitration  here  is  possible  as  well.  Di-  or  poly-nitration  is  also  a 
possibility.  All  in  all,  the  detailed  structure  of  material  so  prepared  must  be 
regarded  as  uncertain. 

In  view  of  this,  we  determined  to  prepare  a  series  of  substituted  poly(phenyl- 
acetylenes)  in  which  both  the  nature  and  location  of  the  substituents  is  known  with 
certainty.  The  approach  we  have  taken  involves  the  preparation  of  specifically  sub¬ 
stituted  monomeric  pheny lacetylenes .  These  are  then  polymerized  into  the  desired 
polymers  by  a  variety  of  techniques.  A  description  of  the  procedures  used  for  the 
preparation  of  these  monomers  comprises  the  balance  of  this  report. 


DISCUSSION 

Our  basic  strategy  for  the  preparation  of  specifically  substituted  phenyl- 
acetylenes  as  outlined  in  scheme  1  (Figure  1)  begins  with  an  appropriately  substi¬ 
tuted  cinnamic  acid.  Bromination  followed  by  base-catalyzed  double  dehydrobromina- 
tion  and  decarboxylation  yields  the  corresponding  phenylacetylene  on  which  further 
transformation  of  X  can  be  performed  as  needed. 

Several  factors  influenced  the  selection  of  X.  Firstly,  it  was  desired  to 
include  the  substituents  studied  by  Byrd^  and  Senturia.2  Secondly,  we  wished  to 
examine  substituents  having  widely  different  electronic  effects  and  finally,  we 
wanted  to  study  an  electron  withdrawing  substituent  which  operated  by  means  of 


1.  BYRD,  N.  R.  Space  Cabin  Atmosphere  Contaminant  Detection  Technique!.  NASA  CR-86047,  July  1968. 

2.  SENTURIA,  S.  D.  Fabrication  and  Evaluation  of  Polymeric  Early- Warning  Fire-Alarm  Device!.  NASA  CR-1 34764,  1975. 

3.  SENTURIA,  S.  D.  Studies  of  Conduction  Mechanisms  in  Gas-Sensitive  Polymer  Flms.  Final  Report  ONR  Contract  N00014-77-C-0361, 
NTIS  Acc**ion  No.  AD- A 100995,  February  1981. 
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Figure  1.  Scheme  1. 


induction  with  no  significant  resonance  contribution.  It  was  also  desired  to 
examine  the  o-,  m-,  and  p-isomers  of  each  substituent  wherever  possible.  In  view 
of  these  considerations,  phenylacetylenes  bearing  the  substituents  shown  in  Table  1 
were  selected  for  synthesis. 

The  nitrophenylacetylenes  were,  as  indicated,  prepared  from  the  corresponding 
commercially  available  nitrocinnamic  acids  essentially  according  to  published  pro¬ 
cedures.  Initial  conversion  to  the  dibromo  derivative  was  accomplished  according 
to  the  procedure  of  Grob  and  Pfaendler.^  For  the  m-  and  p-isomers,  a  two-stage 
dehydrohalogenation,  proceeding  through  the  8-bromostyrene  according  to  Reich  and 
Chang^  and  Cristol  et  al.^  was  found  acceptable.  In  the  case  of  the  o-isomer,  a 
one-step  double  dehydrohalogenation  to  the  propiolic  acid  followed  by  decarboxyla¬ 
tion  as  described  by  Schofield  and  Simpson^  was  employed. 

The  o-  and  p-amino  phenylacetylenes  were  prepared  by  reduction  of  the  corre¬ 
sponding  nitro  compounds  with  zinc  dust  in  ammonium  hydroxide  using  Grob  and 
Pfaendler's^  procedure.  The  m-isomer,  as  indicated  in  Table  1,  is  commercially 
available . 

Acetamido-  and  trifluoroacetamido-derivatives  of  the  various  amino  compounds 
were  prepared  by  direct  reaction  with  the  appropriate  anhydride.  Except  for  the 
trifluoroacetylation  of  the  o-amino  compound  where  the  situation  was  apparently 
complicated  by  ring  closure  to  the  indole  nucleus  (see  Experimental),  these  prepara¬ 
tions  were  entirely  straightforward.  Although  these  derivatives  were  initially 


Table  1.  SUBSTITUTED  PHENYLACETYLENES 
SELECTED  FOR  SYNTHESIS 
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prepared  to  prevent  complexation  and  thus  deactivation  of  Lewis  acid  type  polymeri¬ 
zation  catalysts  by  the  free  amino  groups,  it  was  also  appreciated  that  they  pro¬ 
vided  the  basis  for  two  other  series  of  polymers  whose  electronic  properties  could 
contribute  to  the  establishment  of  structure-property  relationships.  Subsequent 
hydrolysis  would,  of  course,  yield  the  desired  free-amino  polymer. 

The  synthesis  of  p-tr if luoromethy lphenylacetylene  began  with  the  preparation  of 
p-trif luoromethyl  cinnamic  acid  which,  in  this  case,  was  not  commercially  available. 
This  was  accomplished  via  a  classic  Knoevenagel  reaction  between  p-trif luoromethy 1- 
benzaldehyde  and  malonic  acid  according  to  the  procedure  of  Rapoport8  as  reported 
by  Trachtenberg. ^  The  balance  of  the  synthesis  exactly  paralleled  that  used  for  the 
m-  and  p-nitrophenylacetylenes . 

RESULTS 

In  general,  the  yields  for  the  individual  steps  in  the  various  syntheses  ranged 
from  fair  to  good.  This,  of  course,  resulted  in  only  fair  to  poor  overall  yields  of 
the  desired  monomers.  Nevertheless,  a  sufficient  quantity  of  each  was  obtained  to 
permit  us  to  go  on  to  a  study  of  their  polymerization  and  an  investigation  of  the 
electrical  properties  of  the  resultant  polymers.  These  efforts  are  being  reported 
elsewhere.* 


EXPERIMENTAL 


General :  Melting  points  and  boiling  points  are  uncorrected.  The  o-, 


m- 


and 


p-nitrocinnamic  acids  (predominantly  trans)  were  obtained  from  Aldrich  Chemical  Com¬ 
pany  and  used  as  received.  The  m-aminophenylacety lene  was  obtained  from  Eastman 
Kodak  and  distilled  before  use.  The  p-tr if luoromethy lbenzaldehyde  was  obtained  from 
PCR  Research  Chemicals  and  distilled  before  use.  All  other  reagents  and  solvents 
were  commercially  available  and  used  as  received  unless  otherwise  noted.  Elemental 
analyses  were  performed  by  Galbraith  Laboratories,  Knoxville,  Tennessee. 

3-(o-Nitrophenyl)-2,3-dibromopropionic  Acid:  Using  the  procedure  of  Grob  and 
Pfaendler,^*  a  stirred  suspension  of  25.0  g  (0.129  mol)  of  o-nitrocinnamic  acid  in 
125  ml  of  glacial  acetic  acid  was  heated  to  90°C.  To  this  was  added  dropwise  over 
3-1/2  hours  a  solution  of  21.2  g  (0.133  mol)  of  bromine  in  50  ml  of  glacial  acetic 
acid.  The  temperature  was  then  raised  to  110°C  and  maintained  there  for  an  addi¬ 
tional  3  hours.  After  cooling  and  standing  overnight  at  room  temperature,  the  solu¬ 
tion  was  chilled  to  0°C  by  means  of  an  ice  bath.  The  resultant  crystals  were  removed 
by  vacuum  filtration.  Treatment  of  the  filtrate  with  water  produced  a  second  crop 
which  was  combined  with  the  first  crop  and  recrystallized  from  acetic  acid  to  yield 
35.3  g  (77%)  of  material  melting  182°C  to  184°C  ( 184°C  to  185°C)^®. 


♦WENTWORTH,  S.  E.,  and  BERGQUIST,  P.  R.  Regiospeciflcally  Substituted  Poly (phenylacetylenes)  as  Potential  Chemical 

Detectors.  To  be  submitted  for  publication. 

8.  RAPORPORT,  H.,  WILLIAMS,  A.  R.,  LOWE,  O.  G.,  and  SPOONCER,  W.  W.  The  Hydrolysis  of  Some  Cyanocinnamic  Acids.  louraal 
of  the  American  Chemical  Society,  v.  75,  1953,  p.  1125. 

9.  WITTSTRUCK,  T.  A.,  and  TRACHTENBERG,  E.  N.  A  Nuclear  Magnetic  Resonance  Study  of  Transmission  of  Electronic  Effects. 
Ethylbenzenes.  Dihydrocinnamic  Acids  and  Cis-  and  Trans-  Cinnamic  Acids.  Journal  of  the  American  Chemical  Society,  v.  89,  1967, 
p.  3803. 

10.  BUCKLES,  R.  E.,  HAUSMAN,  E.  A.,  and  WHEELER,  N.  G.  The  Action  of  Bromine  Vapor  on  Solid  Aromatic  Compounds.  Journal 
of  the  American  Chemical  Society,  v.  72,  1950,  p.  2494. 


o-Nitrophenylpropiolic  Acid:  Using  the  procedure  of  Schofield  and  Simpson,7  18.9  g 
(0.054  mol)  of  3-(o-nitrophenyl)-2,3-dibromopropionic  acid  were  dissolved  in  114  ml 
of  10%  aqueous  NaOH  by  stirring  overnight.  Cautious  addition  of  180  ml  of  2N  HNO3 
produced  a  heavy  yellowish  precipitate  which  was  removed  by  vacuum  filtration  and 
air-dried  overnight,  yielding  9.9  g  (96%)  of  material  melting  161°C  to  162°C  (166°C 
to  167°C7) . 

o-Nitrophenylacetylene :  Using  the  procedure  of  Schofield  and  Simpson,7  5.5  g  (0.029 
mol)  of  o-nitrophenylpropiolic  acid  were  refluxed  with  800  ml  of  distilled  water  for 
a  total  of  16  hours  over  2  successive  days.  The  resultant  steam  volatile  product 
collected  in  the  condenser  from  which  it  was  frequently  washed  with  ether  (in  prac¬ 
tice,  two  condensers  were  alternated,  thereby  eliminating  loss  during  the  ether  wash). 
The  pooled  washings  were  evaporated  to  dryness  and  the  resultant  residue  recrystal¬ 
lized  from  ethanol  to  yield  3.2  g  (74%)  of  the  desired  material  melting  81°C  to 
82°C  (81°C  to  82°C7). 

o-Aminophenylacetylene :  Using  the  procedure  of  Grob  and  Pfaendler,^  a  suspension 
of  12.5  g  (0.085  mol)  of  o-nitrophenylacetylene  in  45.5  ml  of  water  and  56.8  ml  of 
concentrated  NH4OH  was  cooled  to  0°C  in  an  ice  bath.  Added  to  this  in  small  por¬ 
tions  over  1  hour  under  a  nitrogen  blanket  was  41.5  g  (0.635  g  atom)  of  recently 
purchased  Zn  dust.  Vigorous  shaking  was  maintained  between  additions.  After  an 
additional  1  hour  of  shaking  while  warming  to  room  temperature,  the  flask  was 
attached  to  a  mechanical  shaker  and  shaken  an  additional  16  hours.  Added  to  this 
was  100  ml  of  degassed  distilled  water  and  the  liquid  phase  removed  by  decantation. 

This  was  extracted  with  several  portions  of  ether.  The  residual  Zn  dust  was  tritu¬ 
rated  with  several  portions  of  ether  which  were  added  to  the  ether  extracts.  After 
drying  over  Na2C03,  the  ether  was  removed  on  a  rotary  evaporator  resulting  in  a 
greenish-blue  liquid  which  was  vacuum  distilled  at  3  mm  to  yield  7.5  g  (75%)  of 
product  boiling  at  78°C  to  80°C  (bj2  98°C  to  100°cH). 

o-Acetamidophenylacetylene :  Freshly  distilled  acetic  anhydride,  0.95  g  (0.009  mol), 
was  added  dropwise  to  1.05  g  (0.009  mol)  of  o-aminophenylacetylene  in  a  small  round 
bottom  flask  suspended  in  a  water  bath.  The  mixture  was  then  heated  at  60°C  for  1  hour 
and  cooled  to  room  temperature.  The  resultant  solid  was  recrystallized  from  water 
to  yield  0.55  g  (38%)  of  product  melting  at  73°C  to  74.5°C  (84°C^;  75°C^7). 

o-Trif luoroacetamidopheny lacety lene :  Using  the  procedure  of  Pailer  and  Hiibsch,^ 

I. 02  g  (0.009  mol)  of  o-aminophenylacetylene  were  dissolved  in  15  ml  of  anhydrous 
ether  and  the  solution  chilled  to  0°C  by  means  of  an  ice  bath.  To  this  was  added, 
dropwise  with  stirring,  1.8  g  (0.009  mole)  of  trifluoroacetic  anhydride.  The  reac¬ 
tion  mixture  was  allowed  to  come  to  room  temperature  and  stand  for  1  hour  after 
which  an  additional  50  ml  of  ether  were  added  to  it.  The  resulting  solution  was 
washed  successively  with  three  50  ml  portions  of  water,  50  ml  of  aqueous  Na2C03 
solution,  and  a  final  50  ml  of  water  after  which  it  was  dried  over  anhydrous  MgSO^. 
After  filtering,  the  ether  was  removed  by  means  of  a  rotary  evaporator.  The  result¬ 
ant  white  solid  was  recrystallized  from  85%  heptane  -15%  acetone  to  yield  material 
melting  at  65.5  c  to  66.5  C.  Due  to  mechanical  loss,  no  yield  figure  is  available. 

II.  SCHOFIELD,  K.,  and  SWAIN,  T.  Cinnolines.  Part  XXL  Further  Observations  on  the  Richter  Syntheds.  Journal  of  the  Chemical 
Society,  1949,  p.  2393. 

12.  BAEYER,  A.,  and  LANDSBERG,  L.  Synthesis  by  Means  of  Phenylacetylenes  and  Their  Derivatives.  Berichte  Der  Deutsche  Chemischen 
GeseDshaft,  y.  15,  1882,  p.  57. 

13.  PAILER,  M.,  and  HlIBSCH,  W.  J.  Determination  of  Primary  and  Secondary  Amines  as  Amides  by  Means  of  Gas  Chromatography  on 
Packed  and  Capillary  Columns.  Monatschefte  Fur  Chemie,  v.  97,  1966,  p.  1541. 


Anal.  Calcd.  for  C10H6F3NO:  C,  56.35;  H,  2.84;  F,  26.74;  N,  6.57 
Found:  C,  56.08;  H,  3.36;  F,  26.42;  N,  6.39 


While  these  results  are  entirely  consistent  with  the  expected  trif luoroacetamide , 
mass  spectrometry  failed  to  confirm  the  structure,  giving,  instead,  a  molecular 
ion  of  m/e  =  215  rather  than  the  required  m/e  =  213.  This  indicates  the  incorpora¬ 
tion  of  two  hydrogens  giving  rise  to  a  material  whose  empirical  formula  is  CjgHgFjNO 
and  having  the  following  composition:  C,  55.82;  H,  3.75;  F,  26.49;  and  N,  6.51. 

The  experimental  values  are  also  in  excellent  agreement  with  this  formula.  Further 
investigation  by  NMR  spectrometry  indicates  the  material  to  be  the  product  of  a 
reductive  cyclization  to  yield  a  trif luoroacetyl  indole  derivative,  but  does  not 
distinguish  between  two  isomeric  possibilities.  This  sort  of  transformation  is  not 
without  precedent  in  the  indole  series. Further  elaboration  of  the  structure 
was  deemed  to  be  outside  the  scope  of  this  present  study.  In  view  of  these  compli¬ 
cations,  efforts  to  obtain  this  trifluoroacetamide  were  abandoned. 

3-(m-Nitrophenyl)-2,3-dibromopropionic  Acid:  Using  the  procedure  described  above  for 
the  o-nitro  isomer,  49.75  g  (0.258  mol)  of  m-nitroc innamic  acid  were  treated  with 
42.50  g  (0.266  mol)  of  bromine  in  acetic  acid.  When  chilling  of  the  reaction  mixture 
failed  to  induce  crystallization  of  the  product,  it  was  poured  with  stirring  into 
3.0  liters  of  water  to  produce  a  white  precipitate  which  was  removed  by  vacuum  fil¬ 
tration.  After  thorough  washing  with  3:1  (V/V)  water/acetic  acid,  the  material  was 
vacuum  dried  at  60°C  to  yield  82.5  g  (91%)  of  product  melting  at  173°C  to  174°C 
(176°C10). 

B-Bromo-m-nitrosy trene :  Using  the  procedure  of  Reich  and  Chang, 5  a  stirred  suspen¬ 
sion  of  82.5  g  (0.234  mol)  of  3-(m-nitrophenyl)-2 ,3-dibromopropionic  acid  and  95.6  g 
(1.17  mol)  of  anhydrous  sodium  acetate  in  600  ml  of  anhydrous  ethanol  was  refluxed 
for  4  hours.  After  cooling,  most  of  the  ethanol  was  removed  by  means  of  a  rotary 
evaporator.  The  resulting  solid  was  taken  up  in  water  and  extracted  with  four  100-ml 
portions  of  ether.  The  combined  ether  extracts  were  dried  over  MgS04.  After  fil¬ 
tration,  the  ether  was  removed  by  means  of  a  rotary  evaporator  to  yield  48.3  g  of 
crude  product  in  the  form  of  a  dark  red  liquid.  This  was  used  without  purification 
in  the  next  step. 

m-Nitropheny lacetylene :  Using  essentially  the  procedure  of  Cristol  et  al.,6  48.3  g 
(0.212  mol)  of  the  crude  8-bromo-m-nitrostyrene  prepared  above  were  dissolved  in 
80  ml  of  ethanol  and  added  rapidly  with  stirring  to  a  solution  of  100  g  (2.50  mol) 
of  sodium  hydroxide  in  1.0  1  of  ethanol.  After  stirring  at  room  temperature  for 
45  minutes,  sufficient  acetic  acid  was  added  to  bring  the  pH  to  approximately  7.  The 
ethanol  was  then  removed  by  means  of  a  rotary  evaporator  and  the  resulting  solid 
taken  up  in  water.  This  solution  was  extracted  with  several  portions  of  ether  which 
were  combined  and  dried  over  MgS04.  After  filtration,  the  ether  was  remo/ed  by  means 
of  a  rotary  evaporator  to  yield  a  dark  red  liquid.  Vacuum  distillation  gave  12.9  g 
(40%)  of  product  bj  g91°C  to  92°C,  (big  80°C^). 

m-Acetamidophenylacetylene :  Using  a  modification  of  the  procedure  of  Grob  and 
Pfaendler,^  2.0  g  (0.009  mol)  of  m-aminophenylacetylene  in  a  flask  suspended  in  a 
water  bath  were  treated  dropwise  with  1.8  g  (0.018  mol)  of  freshly  distilled  acetic 

14.  SHIGEKI,  H.  Indole  and  Its  Derivatives.  IV.  The  Mechanism  of  Indole  Formation.  Nippon  Kagaku  Zasshi,  v.  79,  1958,  p.  227. 

15.  FERRIS,  J.  P.,  and  ANTONUCCI,  F.  R.  Photochemistry  of  Ortho-Substituted  Benzene  Derivatives  and  Related  Heterocycles.  Journal 
of  the  American  Chemical  Society,  v.  96,  1974,  p.  2010. 

16.  BOSCHAN,  R.  H.  Process  for  Making  Nitroarylacetylenes  and  Nitroarylaldehydes.  United  State*  Patent  4,125,563,  Nov.  14, 1978. 
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anhydride.  After  heating  at  60°C  for  1  hour  and  cooling  to  room  temperature,  a  white 
solid  formed.  Recrystallization  from  water  afforded  2.04  g  (75%)  of  product  melting 
at  93 . 5°C  to  94. 5°C  (94°C  to  96°C17). 

m-Trif luoroacetamidophenyl acetylene :  According  to  the  procedure  of  Pailer  and 
Htibsch, 2.2  g  (0.019  mol)  of  m-aminophenylacetylene  in  12.0  ml  of  ether  contained 
in  a  flask  suspended  in  an  ice  bath  were  treated  dropwise  with  stirring  with  4.0  g 
(0.019  mol)  of  trifluoroacetic  anhydride  over  a  15-minute  period.  After  warming  to 
room  temperature,  the  reaction  mixture  was  allowed  to  stand  for  1  hour.  After  dilu¬ 
tion  with  an  additional  50  ml  of  ether,  the  reaction  mixture  was  washed  with  three 
50-ml  portions  of  water.  The  ether  solution  was  then  dried  over  MgS04.  After  fil¬ 
tration,  the  ether  was  removed  by  means  of  a  rotary  evaporator.  The  resulting  white 
solid  was  recrystallized  from  85:15  (V/V)  heptane/acetone  to  yield  2.03  g  (51%)  of 
product  melting  at  97.5°C  to  98°C. 

Anal.  Calcd.  for  C10H6F3NO:  C,  56.35;  H,  2.84;  F,  26.74;  N,  6.57 
Found:  C,  56.12;  H,  2.73;  F,  26.60;  N,  6.49 
Mass  Spectrum:  M+  requires  213;  Found,  213 

3-(p-Nitrophenyl)-2,3-dibromopropionic  Acid:  Using  the  procedure  described  above 
for  the  o-  and  m-nitro  isomers,  43.0  g  (0.222  mol)  of  p-nitrocinnamic  acid  were 
treated  with  36.6  g  (0.228  mol)  of  bromine  in  acetic  acid.  Upon  cooling  to  room 
temperature  overnight,  pale  yellow  crystals  formed  which  were  removed  by  suction  fil¬ 
tration  and  washed  with  3:1  (V/V)  water/acetic  acid.  Addition  of  water  to  the  fil¬ 
trate  produced  a  second  crop  which  was  isolated  in  the  same  manner  and  combined  with 
the  first  to  yield  73.4  g  (93%)  of  product  melting  at  214. 5°C  to  215. 5°C  (217°C  to 
218°C18) . 

B-Bromo-p-nitrostyrene :  Using  the  procedure  described  above  for  the  m-nitro  isomer, 
50.0  g  (0.142  mol)  of  3-(p-nitrophenyl)-2,3-dibromopropionic  acid  were  treated  with 
58.3  g  (0.711  mol)  of  anhydrous  sodium  acetate  in  refluxing  ethanol.  After  cooling 
to  room  temperature,  the  ethanol  was  removed  by  means  of  a  rotary  evaporator.  The 
resulting  pink  solid  was  triturated  with  four  100-ml  portions  of  ether,  after  which 
the  residual  solid  was  dissolved  in  water.  The  resulting  solution  was  extracted 
with  a  further  200-ml  portion  of  ether.  This  extract  was  combined  with  the  previous 
ether  triturants  and  dried  over  MgS04.  After  filtration,  the  ether  was  removed  by 
means  of  a  rotary  evaporator  to  yield  30.0  g  of  crude  oily  yellow  solid  product  which 
were  used  without  further  purification  in  the  next  step. 

p-Nitrophenylacetylene :  Using  the  procedure  of  Cristol  et  al.,8  a  solution  of  31.7  g 
(0.139  mol)  of  crude  B-bromo-p-nitrostyrene  (prepared  as  above)  in  250  ml  of  ethanol 
were  added  in  one  portion  with  stirring  to  a  solution  of  60.0  g  (1.50  mol)  of  sodium 
hydroxide  in  690  ml  of  ethanol.  After  stirring  for  one-half  hour  at  room  temperature, 
the  pH  of  the  reaction  mixture  was  brought  to  about  pH  7  using  approximately  70  ml  of 
glacial  acetic  acid.  This  caused  the  formation  of  a  voluminous  tan  precipitate. 

After  removal  of  the  ethanol  by  means  of  a  rotary  evaporator,  the  resulting  tan  solid 
was  triturated  with  three  100-ml  portions  of  cold  water.  The  residual  crude  product, 
after  drying,  melted  at  144°C  to  150°C  and  weighed  10.1  g  (43%).  Recrystallization 
from  ethanol  afforded  material  melting  at  147. 5°C  to  148. 5°C  (149°C^). 

17.  ARNOLD,  F.  E.,  REINHARDT,  B.  A.,  and  HEDBERG,  F.  L.  Aromatic  Enyne  Compounds  and  Their  Synthesis.  United  States  Patent 
4,162,265,  July  24,  1979. 

18.  DREWSEN,  V.  B.  Concerning  Derivatives  of  Pa'anitrocinnamic  Acid.  Justus  Liebigs  Annalen  Dei  Chemie,  v.  212,  1882,  p.150. 

19.  MULLER,  C.  L.  Concerning  Some  Derivatives  of  Para-  and  Ortho-Nitrocimamic  Acid.  Justus  Liebigs  Annalen  Der  Chemie,  v.  212, 

1882,  p.  122. 
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p-Aminophenylacetylene :  Using  essentially  the  procedure  described  above  for  the 

o-amino  isomer,  7.25  g  (0.049  mol)  of  p-nitrophenylacetylene  were  treated  under  N2 
with  22.4  g  (0.343  g  atom)  of  zinc  dust  in  aqueous  ammonium  hydroxide.  Isolation 
according  to  the  above  procedure  afforded  5.6  g  of  crude  product.  Recrystallization 
from  heptane  gave  3.9  g  (68%)  of  material  melting  at  97.5°C  to  100°C  (99°C  to  100°c20). 

p-Acetamidophenylacety lene :  Freshly  distilled  acetic  anhydride,  1.26  g  (0.012  mol), 
was  added  dropwise  with  stirring  to  a  chilled  (ice  bath)  ether  solution  of  1.40  g 
(0.012  mol)  of  p-aminopheny lacetylene .  After  coming  to  room  temperature  and  standing 
for  1  hour,  the  ether  was  removed  by  raising  the  temperature  to  60°C  (water  bath) 
and  holding  for  an  additional  hour.  After  cooling,  the  residue  was  recrystallized 
from  water  to  yield  1.1  g  (58%)  of  product  melting  at  122. 5°C  to  123. 5°C  (122°C  to 
123°C4). 

p-Trif luoroacetamidopheny lacetylene :  Using  the  procedure  described  above  for  the  o- 
and  m-trif luoroacetamido-isomers ,  2.2  g  (0.019  mol)  of  p-aminophenylacetylene  were 
treated  with  4.0  g  (0.019  mol)  of  trif luoroacetic  anhydride  in  ether.  Isolation, 
as  above,  yielded  2.32  g  (57%)  of  crude  product.  Recrystallization  from  acetone/ 
heptane  gave  mateiial  melting  at  121. 5°C  to  123°C. 

The  structure  of  this  material  was  indicated  by  mass  spectroi  ry  wherein  the 
required  molecular  ion,  m+=213  was  observed  and  confirmed  by  NMR  -ctroscopy  which 
gave  the  anticipated  spectrum. 

p-Trif luoromethylcinnamic  Acid:  Using  the  procedure  of  Rapoport  e  ^1. 13.8  g 
(0.079  mol)  of  freshly  distilled  p-tr if luoromethylbenzaldehyde  and  12.2  g  (0.117  mol) 
of  malonic  acid  in  60  ml  of  dry  pyridine  containing  1 . 2  ml  of  piperidine  were  heated 
to  80°C  for  one-half  hour  and  an  additional  2-1/ 2  hours  at  100°C  to  105°C.  After 
cooling  to  room  temperature,  the  solution  was  poured  with  stirring  over  a  20-minute 
period  into  500  ml  of  3N  HC1.  The  resulting  precipitate  was  removed  by  vacuum 
filtration,  washed  with  water  and  oven-dried  at  45°C  to  yield  15.7  g  (91%)  of  prod¬ 
uct  melting  at  229°C  to  230°C  (229. 5°C  to  230°C9). 

3-(p-Trif luoromethylphenyl)-2 ,3-dibromopropionic  Acid :  Using  the  procedure  detailed 
above  for  the  three  nitro  analogs,  15.7  g  (0.073  mol)  of  p-trif luoromethyl  cinnamic 
acid  were  treated  with  13.2  g  (0.082  mol)  of  bromine  in  acetic  acid.  After  cooling 
to  room  temperature,  the  solution  was  poured  with  stirring  into  1.5  liters  of  water. 
The  resulting  precipitate  was  removed  by  vacuum  filtration  and  air-dried  to  yield 
25.7  g  (94%)  of  product  melting  at  203. 5°C  to  204°C. 

Anal.  Calcd.  for  C10H7Br2F3O2 :  C,  31.94;  H,  1.88;  Br,  42.51;  F,  15.16 

Found:  C,  31.88;  H,  1.82;  Br,  42.65;  F,  15.24 

B-Bromo-p-trif luoromethy 1  styrene :  Using  the  procedure  detailed  above  for  the  m-  and 
p-nitro  isomers,  25.7  g  (0.068  mol)  of  3-(p-trifluoromethylphenyl)-2,3-dibromopropi- 
onic  acid  were  treated  with  29.8  g  (0.363  mol)  of  anhydrous  sodium  acetate  in  reflux¬ 
ing  ethanol.  After  cooling  to  room  temperature,  the  reaction  mixture  was  worked  up 
according  to  the  procedure  utilized  for  the  p-nitro  isomer.  This  resulted  in  18.8  g 
of  impure  product  in  the  form  of  a  pale  yellow  oil,  which  were  used  without  further 
purification  in  the  next  step. 


20.  BURAWOY,  A.,  and  CRITCHLEY,  J.  P.  Electronic  Spectra  of  Organic  Molecules  and  Their  Interpretation.  Tetrahedron,  v.  5,  1959, 
p.  340. 
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p-Trifl'uoromethylphenylacetylene:  A  soLution  of  29.0  g  (0.725  mol)  of  sodium  hydrox¬ 
ide  in  300  ml  of  ethanol  was  placed  into  a  flask  containing  18.8  g  (0.075  mol)  of  the 
crude  8-bromo-p-trif luoromethylstyrene  prepared  above.  After  stirring  at  room  tem¬ 
perature  for  45  minutes,  the  mixture  was  poured  with  stirring  into  1.5  liters  of 
water.  The  resulting  solution  was  extracted  with  several  portions  of  ether  which 
were  combined  and  dried  over  MgS04-  After  filtration,  the  ether  was  removed  by  means 
of  a  rotary  evaporator  to  yield  5.0  g  of  impure  liquid  product.  Vacuum  distillation 
at  170  mm  produced  2.0  g  (after  loss  during  distillation)  of  material  boiling  at  48°C. 
The  structure  of  this  material  was  indicated  by  infrared  spectroscopy  and  confirmed 
by  mass  spectrometry  which  gave  the  requisite  molecular  ion,  m+=170. 
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